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Abstract 
The skill of putting can be broken down into several components: the golfer's 
mechanics, his or her ability to read the greens, and his or her ability to localize the 
hole. Inconsistencies in any of these three areas can lead to poor putting performance. 
This study attempts to isolate the golfer's ability to visually align themselves 
independent of other variables. The possible effect of vergence instability on putting 
performance was studied by measuring visual alignment, putting alignment, and 
putting endpoint. A sample of 24 low to mid-handicap golfers was measured for 
several visual variables including fixation disparity, sighting eye preference, speed of 
stereopsis, visual acuity, and contrast sensitivity. Once the visual alignment testing 
was completed, the golfers proceeded to the putting green where they hit a series of 
putts that were predetermined to have minimal break. A laser device and video 
camera were used to measure pre-stroke putting alignment and putter alignment at the 
moment just before contact with the ball. The results did not reproduce a relationship 
found in an earlier study between fixation disparity stability and consistency of 
putting alignment. Despite the inconsistencies between study results, the 
development of measurement protocols in this study is important. Future studies 
employing these protocols should include larger sample sizes and golfers of more 
varied skill levels. 
Keywords: Vision, Alignment, Putting, Fixation disparity, Consistency, Golf, Sports 
vision, Stereopsis 
Introduction 
"Practice makes perfect" is a cliche that can be applied to many things in life. 
Golf, however, is not one of them. It is true many people love to play this sport however, 
not necessarily because they are good. Only a select few actually reach a level worthy of 
calling "good", and for those it's usually the result of years of practice as well as a stable 
and well functioning visual system. Golf, unlike dynamic sports like basketball and 
football where size and quickness play a large part in success, is heavily dependent on 
consistent visual function, especially binocular vision. 1 The area of golf where this 
attribute is mostly utilized is putting. In order to be a good putter, one must acquire solid 
putting mechanics and the ability to read greens, both of which come with practice? 
Another skill, which is independent of practice but likely can be trained, is an accurate 
and stable oculomotor system. 3 When an unstable system is present, inaccurate 
information is relayed to the brain, resulting in slight variability in target localization. 1 
This instability is a small misalignment of the eyes, which changes moment to 
moment and can be affected by physiological stress.4 It is believed this misalignment, 
known as fixation disparity, is an adaptation of the human visual system allowing small 
errors in visual alignment while maintaining single vision. For most of the population this 
is a positive adaptation, allowing single vision under times of stress.5 Certain individuals 
however, particularly athletes, are thought to be more sensitive to changes in binocular 
information than others. 6 When variability occurs as mentioned, putting inaccuracy may 
result due to confusion as to the correct location of the hole.3 It is not merely the 
presence of fixation disparity but rather unstable fixation disparity that causes this 
confusion, as it is thought a consistent but large fixation disparity in either the eso or exo 
direction would allow the golfer to adapt by aiming to the left or right of the perceived 
location of the hole. 
The theory of adaptation and recalibration of perceived distance as a result of a 
small change in eye position from straight ahead has previously been studied by 
Ebenholtz and Fisher. They found a close association between distance perception and 
the level of innervation needed to overcome an induced phoria to converge on a fixed 
target.7 Although their study dealt with heterophoria, the relationship likely holds true for 
fixation disparity where small deviations in eye position with respect to a reference 
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posture is detected causing changes in distance perception as well. This reference posture 
or zero fixation disparity should correspond to dark vergence which is also known as 
vergence tonic position .8 In n01mal individuals, as the amount of forced vergence 
demand moves away from this position so does the fixation disparity, becoming more eso 
when a divergence demand is present and more exo when a convergence demand is 
present. 8 When stable, these small errors are not problematic and can be adjusted for 
easily. However, when fixation disparity is highly variable, it is our hypothesis that this 
inconsistent information may cause confusion as to the distance that targets are located. 
Ukwade described this change in fixation disparity over time as vergence variability.9 He 
defined it as the standard deviation of the left-minus right-eye positions over several 
seconds and said it is very rarely assessed clinically. 9 Because it is thought that athletes 
are more sensitive to changes in their visual system,6 this aspect of visual analysis should 
be considered in a sports vision evaluation. Research on the effects of dioptric blur, 
reduced contrast, and fusion locks on fixation disparity and vergence variability have 
been studied by Ukwade.9' 10 He found that clinical eye movement recordings were 
unaffected by dioptric blur and reduced contrast10 however, central vs peripheral fusion 
locks caused a significant difference in fixation disparity and its variability 
measurements.9 Estimates of fixation disparity are smaller and less variable when 
measured using central and peripheral fusion locks with nonius line separation of 20 min 
arc or less.9 However, he questioned the diagnostic effectiveness of using small nonius 
line separation as well as central fusion lock if the targets are not representative of the 
actual state in a natural setting. 9 He concluded that a combination of a small nonius line 
separation and peripheral fusion lock yields the best sensitivity and may therefore be 
preferred for diagnostic purposes.9 
Previous work has shown that golfers with unstable fixation disparity 
measurements had greater putting alignment variability than subjects with stable fixation 
disparities.3 However, that study measured only pre-putt alignment and did not control 
for changes in putter face alignment that might occur during the putting stroke. In an 
attempt to control this variable in the current study, a video camera was used to capture 
the dynamic alignment of the putter head just prior to impact with the golf ball. The 
dynamic alignment was then compared to the pre-putt alignment to determine the extent 
2 
of difference in these values. By controlling this variable, it is hoped that any 
relationships between vergence stability, putting alignment, and putting accuracy can be 
better understood. If it is found that instability in fixation disparity truly affects putting 
accuracy, then possibly steps can be taken to eliminate the variability through vision 
therapl and hopefully increase putting performance. 
Methods 
Subjects 
A sample of 24 golfers (avg. age=32.4, sd=9.75 years, avg. handicap=8.8, 
sd=6.1 ), 22 males and 2 females, from two local golf courses volunteered to participate in 
the study. Incentives for participation were a free golf vision screening, evaluation of 
putting alignment, and feedback concerning how their skills related to others 
participating. No monetary rewards were given for any subject's participation. 
Procedure 
Initially, each golfer read and signed an informed consent form. They were then 
asked to fill out a questionnaire, (see Appendix 1) which asked for their name, address, 
phone number, age, gender, handicap, average number of putts per round, self rating of 
putting abilities and how putts are most commonly missed, hand preference, putting 
handedness, eye preference, and visual aids used in alignment. The vision analysis of 
each golfer consisted of 7 tests performed indoors, with standard room illumination in the 
following order. Distance visual acuities were assessed using the BVAT at 4.57 meters 
(15 feet) . The golfers had to demonstrate monocular acuities of 20/40 (OD and OS) or 
better to proceed with testing. A cover test was performed using a single 20/40 letter at 
4.57 meters (15 feet) to rule out strabismus and to assess each golfer's phoric posture. As 
long as no strabismus was noted the subject was allowed to move on to further testing. 
Sighting eye preference was determined by asking the subjects to place their right hand 
on top of their left hand, raise their extended arms and sight the right eye of the tester 
who was standing 3 meters from the subject. The procedure was repeated with the 
instruction to sight the left eye of the tester. Each hand orientation was tested twice for a 
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total of 4 readings. The subject's contrast sensitivity was next evaluated using the Vector 
Vision. For this testing, the Vector Vision device was placed on the floor at 3 meters and 
the subject viewed the instrument in slight downgaze. Using the BVAT, speed of 
stereopsis was determined for the subject. This was done by assessing the response time 
(in seconds) for identification of stereo float for targets with varying levels of disparity. 
Initially, a target with a disparity of 240 sec arc was shown to the subject to ensure they 
understood what to look for. Then targets with decreasing disparity from 240 to 15 sec 
arc were presented sequentially and response times, in seconds, were determined for each 
level of stereo acuity. The subject was allowed to move to the next finer level of 
disparity if s/he could choose the correct circle two out of three times. 
The BVAT was also used to assess the subject's fixation disparity. Protocol and 
target selection was adapted from previous research by Ukwade.9 First, the BVAT screen 
used to assess horizontal fixation disparity containing peripheral fusion locks (See Figure 
1) was shown to the subject. The examiner next asked the subject if s/he could see a 
vertically oriented line and a letter A on the screen. S/he was then asked if the vertical 
line appeared to drift back and forth horizontally. While asking this question, the 
examiner used hand motions visible to the subject to demonstrate the type of movement 
s/he was to look for. The subject was then asked to comment on the magnitude of the 
horizontal fluctuation and given an example of how s/he could reference this amount, 
such as in terms of line widths or letter A widths. This value was recorded as subjective 
fixation dispatity stability. Next the examiner asked, "If the vertical line was to be 
pushed straight down, would it pass through the center of, to the right of, or to the left of 
the center of the letter A". The examiner made appropriate adjustments to achieve a 
position for the vertical line that appeared to the subject to be centered over the A. This 
value, in minutes of arc, was recorded as the subject's fixation disparity. The examiner 
next moved the line to increase crossed disparity until the vertical line appeared 
significantly to the right of the letter A to the subject. The subject was told for the next 
series of testing the screen would be flashed and the line/letter A would only be exposed 
for one second intervals. They were told that the line would initially appear to the right 
of the letter A, but would be eventually brought to a point at which it would appear 
aligned directly over the letter A. The subject was asked to identify the first screen 
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presentation that revealed this aligned position. The examiner then proceeded to move 
the line to decrease crossed disparity with each consecutive screen presentation. When 
the subjected first noted alignment, this value was recorded as subjective alignment from 
the crossed direction. The examiner next moved the line to the left of the letter A, 
increasing uncrossed disparity, and the above protocol was conducted to determine 
subjective alignment from the uncrossed direction. 
Then the BVAT was used to assess acuity suppression using the binocular acuity 
screen (See Figure 2). The subject was asked to count the letters on each screen and the 
visual acuity demand level at which suppression first occurred was recorded. The level 
of central suppression was measured using Snellen-type letters that were presented so that 
some were seen only by the right or left eye while others are seen by both eyes as 
illustrated in Figure 2. 
The size of each line of letters was gradually reduced until the subject reported 
that one of the letters disappeared. The visual acuity demand at which this suppression 
was first reported was recorded as an index of the level of centra] suppression]. All 
BV AT testing was performed at 4.57 meters (15 feet) with the monitor positioned on the 
floor to promote viewing in downgaze, which was similar to the demand during putting. 
Upon completion of the visual testing, the subjects moved outside to the putting 
green. The green was mowed and a new standard size cup (4 W') was cut in a place, 
which allowed for a straight 4.57 meter (15 feet) putt with minimal break. The subjects 
were told they would hit 12 putts, and the protocol for collecting the putting data was 
reviewed with each subject prior to putting. First, the subject's set up was evaluated and 
a small lightweight mirror (1.8cm x 1.8cm, weighing approx 1.5 grams) was attached to 
the toe of the putter perpendicular to the putter face. The subjects were next asked to 
read the green and report where they felt they needed to aim to successfully make the 
putt. This value was recorded as the subjective aim. The subjects then addressed the ball 
and were asked to align their putter so it was aligned to make the putt. The position of 
the putter face was evaluated using a laser (helium neon 0.8MW llOV) reflected off the 
toe-mounted mirror onto a calibrated screen that was not visible to the golfer. This value 
was recorded as objective aim. (see Figure 3) Then the subject was asked to go ahead 
and attempt the putt. Meanwhile, the examiners videotaped the reflected laser beam to 
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determine the position of the putter face immediately prior to contact. This value was 
recorded as the dynamic alignment. The subjects were denied visual feedback by being 
instructed to turn around and not watch the putt after striking the ball. The subjects were 
also denied auditory feedback for each putt via a specially padded cup. The distance 
error (distance of putt end point from center of cup) was measured in centimeters and the 
direction error was read off a degree scale placed over the cup (see Figure 4). This value 
was recorded as endpoint error and later broken into lateral and distance components 
using basic trigonometric functions. 
Results 
The data from the subjects were analyzed based upon several categorization variables. 
These included: 
1. Subjective perception of fixation stability. This category was determined 
based upon each subject's perception of movement of the vernier lines during 
horizontal fixation disparity measurements. Subjects were categorized as 
"stable" (n=8) if the perceived movement was less than approximately 2 min 
arc. 
2. Fixation disparity range. The range was determined by the difference in 
fixation disparity value measured upon test-retest as described in the methods 
section. Two different range values were analyzed in terms of "low" versus 
"high" ranges as an index of vergence stability. 
a. Ranges greater or less than one min arc (n low=16, n high=8) 
b. Ranges greater or less than three min arc (n= low=17, n high=7) 
3. Aim error. Aim error refers to the difference in the objective and subjective 
aim as defined in the Methods section (aim error was based on the difference 
between where the subjects said they were aiming and where they actually 
aimed their face). "Low"(n=12) versus "high" (n=12) aim error was defined 
as subjects below or above the mean aim error (13.6cm) for the group. 
4. Whether or not the subject could achieve 15 sec arc stereo acuity, the finest 
value measured by the BVAT (n yes= 13, n no= 11). 
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5. Eye preference. The data were compared for those subjects with left eye 
versus right eye preference to assess the commonly held perspective that so-
called "crossed preference" is desirable in golf (n left=6, n right= 16, n split=2) 
These catergories are summarized in Table 1. 
Subjectively Stable F.D. F.D Range (>1') F.D. Range (>3') 
Group 1 S=8 H=8 H=7 
Group 2 U=16 L=16 L=17 
Aim Error (subj. vs. obj.) Abl-e·to achieve 15" stereo Eye Preference 
Group 1 H=12 Y=13 Left=6 
Group 2 L=12 N=11 Right=16 
Split=2 
Table 1: Subject grouping for analysis. 
The data for each variable for the different grouping categories are shown in Table 2*. 
Table 3* summarizes the golfers' subjective putting abilities. The data showed that there 
was no significant difference in any variable based on whether or not the subjective 
fixation disparity was stable or unstable. We also found no difference in any variable 
based on whether the fixation disparity range was greater or less then one minute arc, nor 
was there a statistical difference in any variable based on whether the range was greater 
or less then three minutes arc. No difference in any variable based upon the presence of 
high or low aim error (difference between objective (pre-contact) and subjective aim) was 
seen. No significant difference in any putting variable was observed based on whether 
subjects could obtain 15 sec. arc stereo. However, those subjects with at least 15 sec. arc 
stereo did have significantly better visual acuities (t=-2.4, df=22, p=0.025); see Table 4. 
We were also unable to find a significant difference in any variable based upon preferred 
eye. 
• Tables 2 and 3 are located below 
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Unpaired t-Test X 1: Stereo@15? Y 21 : VA-OU 
OF: 
22 
G roup: c t oun: M eon: Std D ev.: Std E rror: 
y 13 15.462 .776 .215 
N 11 19.545 6.105 1.841 
Table 4: significant findings for stereo acuity better then 15 arc seconds and visual acuity. 
Other significant findings includes that golfers who demonstrate 15 sec arc stereo acuity 
have faster "speed of stereopsis" for all targets with 120 sec or less stereo acuity demand. 
(p<0.05)The pre-stroke alignment and pre-contact alignment are significantly correlated 
(r = 0.76; p< 0.0001) suggesting that in our sample of golfers there was pretty good 
stability between pre-stroke and pre-contact alignment (little opening or closing of putter 
face during putt). The subjective aim and pre-contact alignment are also significantly 
correlated (r = 0.48; p< 0.017), but not as strongly as objective aim (pre-stroke 
alignment). The subjective aim and objective aim (pre-stroke) alignment do not correlate 
(see figures 5 and 6). Thus golfers did not aim where they said they were aiming. 
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Entire Group Subj. 15" Sterea=Y Subj.15"sterea=N FD Subj Cat.=Stable FD Subj Cat.=unstable 
mean (s.d.) mean (s.d.) mean (s.d.) mean (s.d.) mean (s.d.) 
VA-00 19.7(7.6) 17.8(4.6) 23.3(10.1) 21 .1(9.8) 19.9(7.2) 
VA-OS 21.0(7.2) 18.4(2.5) 22.7(9.5) 21.5(8.4) 19.8(6.3) 
VA-OU 17.4(4.9} 15.5(0.8) 19.5(6.1) 18.0(5.9) 17.0(3.9) 
CStotal 23.0(6.5) 25.1(4.2) 22.8(6.6) 24.4(3.5) 23.9(6.2) 
SS240 2.4(2.7) 2.3(2.3) 2.7(3.3) 1.7(0.8) 2.8(3.2) 
SS180 2.4(1.3) 2.3(1.2) 2.9(2.8) 2.3(1 .5) 2.7(2.2) 
SS120 2.7(1.3) 2.4(1.0) 4.1(2.5) 2.4(1.6) 3.4(2.0) 
SS60 3.7(2.0) 3.2(1.8) 6.7(4.8) 5.1(4.9) 4.3(3.0) 
SS30 4.3(2.5) 4.2(2.3) 7.1(3.5) 4.3(3.5) 5.3(2.7) 
SS15 6.9(2.8) 5.8(2.8) N/A 6.2(4.3) 5.7(2.5) 
FD 0.7(2.1) 1.7(2.4) -0.3(1.6) 0.8(1.9) 0.8(2.5) 
FD Subj Stable? 1.1(0.9) 1.2(1 .2) 1.4(1.6) 0.3(0.2) 1.8(1.5) 
FD from exo -0.3(1.0) -0.4(0.7) -0.3(1.1) 0.0(1 .1) -0.5(0.7) 
FD from eso 1.3(1.5) 2.5(3.8) 0.9(0.9) 1.6(1 .5) 1.8(3.4) 
FD Rng 1.6(1.4) 2.8(3.4) 1.2(1.0) 1.6(1.7) 2.3(3.1) 
Endpt. Errmn 73.4(40.7) 75.9(39.0) 61.6(19.8) 78.2(33.2) 64.9(31.4) 
Endpt. Errsd 41.1(13.4) 41 .1 (11.7) 45.7(13.6) 43.0(13.3) 43.3(12.6) 
avg degree 80.9(22.6) 75.3(17.4) 66.4(25.4) 71.7(20.4) 71.0(22.6) 
sd degree 36.9(19.8) 37.4(19.2) 40.6(11.2) 36.5(18.0) 40.1(15.1) 
LR errmn -6.1(22.3) -1 .1(21.2) 2.2(17.2) -4.9{16.6) 3.1(20.3) 
LR err sd 19.5(8.1) 21.5(10.5) 21.7(9.3) 21.5(9.9) 21 .7(10.0) 
dist err mn 62.7(44.1) 64.5(43.1} 51.9(19.7) 69.8(35.1) 53.2(33.8) 
dist err sd 44.8(13.4) 45.3(12.2) 49.7(12.0) 47.7(1 2.2) 47.1(12.4) 
subj aim mn 1.7(5.6) 3.0(5.3) 1.5(3.6) 2.6(3.0) 2.2(5.3) 
subj aim sd 0.1(0.3) 0.0(0.0) 0.1(0.3) 0.1 (0.4) 0.0(0.0) 
Obi aim mn 8.7(23.7) 9.3(18.3) 1.1(16.1) 1.1 (16.5) 7.8(18.0) 
Obj ainsd 8.0(2.5) 7.2(1.8) 8.2(2.6) 7.6(2.3) 7.7(2.3) 
Aim error 7.0(23.3) 6.3(17.6) -0.4(16.7) -1.5(17.5) 5.6(17.1) 
abs aim err 22.4(7.1) 14.3(11 .5) 12.9(9.8) 13.1(10.6) 13.9(10.9) 
cont mn 5.7(21.8) 8.1(18.2) 1.0(18.0) 4.1(13.2) 3.9(20.8) 
cont sd 7.4(3.0) 7.7(2.8) 7.5_(_2.7) ---- ~4(2.7)_ 7.3(2.7) 
- -
Table 2: Summary of data 
(VA= Visual Acuity; CS= Contrast Sensitivity; SS= Speed of Stereopsis; FD=Fixation Disparity; 
LR=Left Right; dist=distance; subj=Subjective; Obj=Objective; cont=Contact) 
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FD Rng Cat=Low FD Rng Cat= High aim err cat= Low aim err cat=High 
mean (s.d.) mean (s.d.) mean (s.d.) mean (s.d.) 
21 .6(9.10) 17.1(1 .9) 21 .0(8.6) 19.7(7.6) 
21.4(8.0) 18.0(1.8) 19.8(6.8} 21 .0(7.2) 
17.9(5.3) 16.0(1.5) 17.3(4.4) 17.4(4.9) 
23.6(6.2) 25.0(2.8) 25.1(4.1) 23.0(6.5) 
2.1(2.3) 3.2(3.5) 2.5(2.8) 2.4(2.7) 
2.6(2.4) 2.4(0.5) 2.7(2.4) 2.4(1.3) 
3.1(2.2) 3.1(1.3) 3.4(2.3) 2.7(1.3) 
3.7(3.1) 6.1(4.3) 5.2(4.4) 3.7(2.0) 
5.0(3.1) 4.8(2.7) 5.7(3.3) 4.3(2.5) 
5.9(3.0) 5.6(2.7) 4.6(2.5) 6.9(2.8) 
0.1(1.4) 2.6(3.0) 0.9(2.5) 0.7(2.1) 
1.0(0.8) 2.0(2.3) 1.5(1.8) 1.1(0.9) 
-0.2(0.9) 0.6(0.8) -0.3(0.8) -0.3(1.0) 
0.6(0.7) 4.4(4.4) 2.3(3.8) 1.3(1.5) 
0.9(0.5) 5.0(3.6) 2.6(3.5) 1.6(1.4) 
68.6(29.6) 71.2(39.4) 65.3(20.9) 73.4(40.7) 
45.6(11.2) 37.3(14.6) 45.3(11 .9) 41.1(13.4) 
71 .2(23.0) 71.2(18.7) 61.6(15.5) 80.9(22.6) 
39.8{15.8) 36.7(16.8) 41.0(11 .1) 36.9(19.8) 
-2.1(21.6) 10.1 (11.7) 6.9(13.4) -6.1(22.3) 
20.7(9.1) 23.8(11.7) 23.8(11 .1) 19.5(8.1) I 
60.1(28.2) 55.5(48.9) 54.7(22.1) 62.7(44.1) 
48.5(11.5) 44.4(13.9) 49.9(10.5) 44.8(13.4) 
2.5(4.6) 1.8(4.9) 2.9(3.5) 1.7(5.6) 
0.1(0.2) 0.0(0.0) 0.0(0.0) 0.1(0.3) 
7.3(19.2) 1.4(12.6) 2.4(7.4) 8.7(23.7) 
7.7(2.3) 7.5(2.3) 7.3(2.0} 8.0(2.5) 
4.7(19.1) -0.4(11.7) -0.5(6.6) 7.0(23.3) 
16.0(10.7) 7.9(8.1) 4.9(4.2) 22.4(7.1) 
5.2(18.8) 1.0(18.0) 2.2(14.8) 5.7(21.8) 
7.4(2.9) 8.1(2.1) 7.8(2.4) 7.4(3.0) 
age sex handicap avg putts/round putting ability putts < 6ft. putts 1 0-15 ft. putts> 20ft. green reading ball start appropriate pace visualization 
1 28 m 1 30 good good good good good good excellent good 
2 25 m 4.5 30 good good excellent good good fair fair fair 
3 22 m 1 29 good good good good fair excellent excellent good 
4 29 m 6 30 good fair excellent good fair !good excellent excellent 
5 20 m 7.6 30 fair good fair fair poor fair fair poor 
6 28 m 10 30 fair good good fair fair good fair fair 
7 24 m 10 36 fair fair fair fair fair good good !good 
8 32 m 9 31 good good good fair good good good good 
9 25 m 16 35 fair fair good fair good fair fair fair 
10 25 m 15 40 fair fair fair fair fair fair fair fair 
11 25 m 18 36 fair fair fair fair fair fair fair fair 
12 26 f 4 30 fair good poor fair poor good fair good 
13 27 f 19 45 fair fair fair good fair good I good good 
14 30 M 4 32 fair fair fair poor fair fair good fair 
15 28 m 1.3 29 excellent excellent excellent excellent good good good good 
16 52 m 1.3 29 good good fair good good good fair fair 
17 36 m 9.3 30.3 good excellent excellent fair fair excellent fair excellent 
18 48 m 17 34 good good good fair good lgood good good 
19 32 m pro 30 good excellent good fair excellent good good good 
20 48 m 6 31 good good good fair good good good good 
21 28 m 2 33 fair poor fair good good good excellent good 
22 54 m 14 34 fair fair good fair fair good fair good 
23 45 m 7 35 good good good good !good good good good 
24 40 m 20 36 fair fair good fair good fair fair fair 
P,VE 32.4 8.82609 32.72083333 
r:;td 9.75 6.14033 3.848265753 
I 
Table 3: Summary of golf putting performance research survey. 
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Discussion 
We undertook the present research to determine whether the golfer's fixation 
disparity stability is associated with putting ability. We were unable to show a 
significant relationship between putting and fixation disparity stability. Our results did 
not replicate the previous study 3 in terms of the relationship between fixation disparity 
and putting aim error. Discrepancies between the studies might be attributed to several 
factors . Due to the low number of golfers in each category, a fairly large experimental 
effect would need to present in order to achieve results that would be statistically 
significant. Therefore this study does not show that a relationship is absent, only that it 
may be a relationship that is smaller than possible to discern with the small sample size in 
our study. Another possible reason for the discrepancy may be that the golfers used in 
this study were much more consistent in terms of visual function. The golfers in our 
study showed a relatively small range of fixation disparity in both stability and amount. 
The sample studied was predominantly male, unlike the gender distribution of the 
previous study3 that was 66% female. The mean handicap of the previous studl was 3.6 
strokes whereas our study had a mean handicap of 8.8 strokes. Both the experimenters 
and apparatus used were different between the studies. Differences in fixation disparity 
using the BV AT in this study and values obtained using the modified distance Sheedy 
Disparometer in the previous3 have not been compared. 
One interesting finding was that subjects who aimed where they said they were 
aiming did not perform better than golfers who did not aim where they said they were 
aiming (comparing pre-contact to subjective aim, referred to as aim error in the study) 
(See Table 2). The high correlation between the pre-stroke and pre-contact alignment 
measures is encouraging. It indicates that for this sample, there is less variation in putter 
alignment during the stroke. This is an interesting fact, since the amount of aim error 
(pre-contact aim minus subjective aim) in the current study is similar to what it was in the 
first study (aim error this study mean= 7.0cm; aim error previous study3 mean=6.7cm). 
Subjects in both studies did not aim their putters where they said they were aiming them. 
Subjects' ability to demonstrate 15 seconds arc stereo acuity was related to visual 
acuity: the better the acuity, the better the stereo. Also, following along the same lines is 
the finding that the better the stereo acuity, the better the speed of stereopsis (See Table 
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2). Since stereo acuity findings were not seen to relate to any putting ability, these do not 
appear to be predictive factors. 
Another factor that we analyzed was whether a golfer's eye preference would 
affect their ability to localize the hole, and thus their ability to putt. This was not 
demonstrated in this study, (See Table 2) but perhaps a more comprehensive study 
involving both left-handed and right-handed golfers would be more indicative. 
The video camera allowed for comparison of the pre-stroke (objective) and pre-
contact aim. This potential change in putter face alignment was noted by Coffey et al 
(1990) as a source for variability in their study. This more precise methodology allowed 
us to see if golfers were opening or closing their putter face during the actual putt. Our 
results showed that in fact most of our golfers were stable in their putting dynamics (See 
Table 2). Other conditions may have contributed to imprecision in this study, but 
virtually all these conditions were also present in the earlier study. We found it difficult 
to establish a perfectly straight putt on the golf course practice greens. Our golfers may 
have perceived the putt would break and modified their alignment accordingly. Another 
problem encountered was wearing of the green and cues given by performing multiple 
putts along the same line. Other areas of variability include the unnatural setting of 
putting with a mirror on the putter, stress of multiple observers analysing performance, 
alignment cues from testing apparatus and uncontrollable environmental conditions. 
The use of video imaging to measure putter face alignment just prior to contact is 
new to the field of vision and golf research. This technology allows some insight into 
stroke dynamics and is valuable in controlling for variability in the varying golfers' 
mechanical abilities. Using a standard VHS video camera, we were able to capture the 
desired data point (putter face just prior to impact) approximately seventy percent of the 
time. This was limited due to the fact that a standard VHS camera captures images at a 
rate of thirty frames per second. The capture rate could be significantly improved 
through the use of a high speed imaging system. The Redlake PCI camera with 
ImageExpress Motion Analysis software would be the ideal equipment for this 
application. The rental price for the PCI system is $2000.00 per week and the 
ImageExpress Motion Analysis software is $800.00. Our budget did not allow for the 
acquisition of the high speed imaging technology, however future golf putting research 
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could benefit from this technology. Ideally, the entire putting motion should be analyzed 
with analysis of not only putter path but also velocity. To truly understand the effects of 
putter mechanics on putt endpoint all variables must taken into account including not 
only the path of the putter but also its acceleration/deceleration during the putting stroke. 
Our research did not evaluate golfers' performance on this level. It is also very important 
to capture all data prior to impact with the golf ball itself, as this point of contact causes 
many variables to change such as acceleration, spin, and trajectory, which ultimately 
affects one's ability to accurately predict put endpoint. 
In concJusion, this is an exciting time for the field of golf putting performance 
research, as high speed imaging technology gives new insight into truly understanding 
this extremely complex multi-sensory skill. 
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Figures 
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Figure 1. Representation of BV AT stimuli used to access fixation disparity. 
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Figure 2. Representation of the B VAT stimuli used to measure the target size at which 
suppression of central vision in one eye occurred. 
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Figure 3: Schematic of set-up used to collect putting data 
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Putter: mirror placed at toe of 
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Figure 4. Schematic of the degree and quadrant scale used to measure putt end point error, which allowed 
for further breakdown of putt endpoint data into left/right and long/short components. 
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Figme 5: Positive correlation between objective aim alignment (x-axis) and pre-contact alignment (y-axis). 
(r=0.76; p<O.OOOl) 
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Figure 6: Positive correlation between subjective aim (x-axis) and pre-contact alignment (y-axis) 
(r=0.48;p=0.017) 
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Appendix 
Golf Putting Performance Research 
Name: ______ _________ _ Phone#: __________ _____ _ 
Address: ____________ __________________ _ _ ___ _ 
Age: __ Gender: Golf Handicap: __ Avg. #of putts per round: __ 
Please rate yourself in the following areas: (circle one) 
Overall putting ability: 
Putts less than 6 feet: 
Putts from 10 to 15 feet: 
Putts over 20 feet: 
Very Poor 
Very Poor 
Very Poor 
Very Poor 
Ability to read the green/choose correct line: Very Poor 
Ability to start the ball on the chosen line: Very Poor 
Ability to start the ball with appropriate pace: Very Poor 
Ability to mentally visualize the putt: Very Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Fair Good Excellent 
Fair Good Excellent 
Fair Good Excellent 
Fair Good Excellent 
Fair Good Excellent 
Fair Good Excellent 
Fair Good Excellent 
Fair Good Excellent 
Comments: ________________________________ __ _ 
Do you usually miss putts? Right Left Equal # missed right/left 
Do you usually leave putts? Short Long Equal # missed short/long 
Preferred Hand: Right 
Putting Handedness: Right 
Preferred Eye: Right Left 
Left 
Left 
No preferred hand 
Alternate depending upon putt 
None Unknown 
Current putter model/design: ___________ _______ _ 
Do you use a line/lines on your putter to aid in aiming: Yes No 
Do you use markings on your ball to aid in aiming: Yes No 
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Visual System Analysis 
Subject ID #: ______ _ 
Snellen Visual Acuity: OD: 201 __ _ 
OS: 201 __ _ 
OU: 20/ _ _ _ 
Cover Test: __ _ 
Preferred Eye: OD OS ___ 14 
Contrast Sensitivity: OD: 
OS: 
OU: 
Speed of Stereopsis : 240 YIN 
180 YIN 
120 YIN 
60 YIN 
30 YIN 
15 YIN 
Fixation Disparity: (best alignment) ____ _ 
(subjective comment on stability) ______ _ 
Stability: (first alignment from exo direction) ______ _ 
(first alignment from eso direction) ______ _ 
Range: 
Acuity Suppression: 20140 OD OS 
20130 OD OS 
20/25 OD OS 
20120 OD OS 
20/15 OD OS 
20 
Putting Performance Data: 
Subject ID #: ____ _ 
Putt Attempt Subjective Aim Objective Aim Dynamic Endpoint Error Angle 
Alignment 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
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